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Campylobacter is the primary cause of bacterial diarrhoeal illness in the developed 
world with an estimated 2-3 million Campylobacter-related illnesses occurring in 
the United States per year. Campylobacter jejuni can cause a spectrum of disease 
including gastroenteritis, proctitis, septicaemia, meningitis, abortion and 
autoimmune diseases such as Reiter’s arthritis and Guillain-Barré syndrome (GBS). 
The association of Campylobacter with poultry (e.g. chickens, turkeys, ducks, and 
geese) has been known for the last 30 years). In this review we will present the 
biology of this organism as presented for the last two decades and also the 
connection between Campylobacter jejuni and farm animals. 
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Introduction and biology of the organism 
 
The discovery in 1970s of the Campylobacter, enteritis finalized a century of 
research in trying to describe the spiral bacteria in the colons of children who had 
died of “cholera infantum” (Escherich 1886). McFadyean and Stockman who 
implicated these organisms as casual agents of abortion in sheep first described 
Campylobacter in 1913 in England. Just five years was reported on the association 
of similar organisms with bovine abortions in the United States. Campylobacter 
was first identified as a foodborne gastrointestinal bacterium in 1977 (Skirrow, 
1977) and is at this moment, the leading cause of bacterial gastroenteritis in the 
western world (Skirrow et.al, 1993).  
Solomon (1999) described over 20 species and subspecies of Campylobacter 
from which 8 species have been identified as agents of human gastrointestinal 
disease. They are members of the family Campylobactereaceae together with 
Helicobacter and Arcobacter. 
All members of Campylobacter genus are small, nonsporeforming, Gram-
negative bacteria that have a characteristic curved, S-shaped or spiral morphology 
(1.5-6.0 μm long and 0.2-0.5 μm wide). They are motile microorganisms with a 
polar flagellum at one or both ends of the cell. Campylobacter jejuni is a 
microaerophilic organism which requires an atmosphere containing 5% O2, 10% 
CO2 and 85% N2 Growth is not supported by atmospheric levels of oxygen but it is   27
also unable to grow under completely anaerobic conditions. According to Solomon 
(1999) Campylobacter jejuni is able to grow at temperatures between 30-47
oC, at a 
pH not lower than 4.9 and at maximum concentration of NaCl of 1.5% (Griffiths 
and Park, 1990). A likely explanation for the 5% O2 equired is the existence of one 
or more essential oxygen-requiring metabolic reactions in this microorganism – 
e.g. the oxidative decarboxylation of coproporphrinogen III to protoporphyrin IX 
which is an essential step in heme biosynthesis and the reduction of ribonucleotides 
by ribonucleotide reductase (RNR) to provide 2`-deoxyribonucleotides for DNA 
synthesis and repair. In Campylobacter, compared with other bacteria, we find only 
class I of RNR which is oxygen dependent (Sellars et al, 2002). Aeration rapidly 
promotes transformation to the coccoid form according to Moran and Upton 
(1986). Interestingly the same authors mention in 1987 that cultures aerated in the 
presence of light transform to the coccoid state more rapidly than those aerated in 
dark. Oxidative stress increases invasiveness and intracellular survival (Harvey et 
al., 1996). Exposure to oxygen is inevitable for bacterial pathogens and, as in all 
other microorganisms; this leads to the formation of ROS (reactive oxygen species) 
(Jones et al, 1993). There are three enzymes identified in Campylobacter which are 
involved in oxidative stress defense in campylobacters:  
  - SOD (superoxide dismutase) plays an active role in the defense against 
oxidative stress and aerotolerance and is an important factor for survival of 
campylobacter in food (Park, 2002);  
  - Ahp (alkyl hydroperoxide reductase)  
  - KatA (catalase)  
The bacterium can grow on a wide variety of media characteristic to each 
species of Campylobacter (eg. Mueller-Hinton). However, most researchers have 
used basal media developed for more fastidious pathogenic microorganisms. In the 
last few years isolating Campylobacter has become an easy procedure since its 
resistance to various antibiotics has been discovered: rifampicin, vancomycin, 
trimethoprim, polymyxin B, amphotericin B and cycloheximide (Karmali et.al, 
1981). In normal growth conditions various morphological changes are observed. 
According to Griffiths, 1993, Ng et al., 1985 and Leach et al., 1997 after 12 hours 
(mid-log phase) incubation all the cells were short spirals and after 24 hours all 
cells were plateable spirals. After 48 hours (late stationary phase) the culture was a 
heterogeneous population of coccoid cells and spirals (Thomas et al., 1999).  
Morphologically, campylobacters are heterogeneous with two stages 
predominating: in younger cultures the rapidly motile, spiral forms predominate, 
whilst in older/stressed cultures, rapid rounding of the cell occurs, producing 
predominantly coccoid cultures. The coccoid cells are about 0.2-1.2 μm in diameter 
(Pead, 1979), are heterogenous in diameter falling into two populations, small (0.2-
0.4) and large (> 0.6 μm), on the evidence of filtering (Koike & Shizmazki, 1982). 
Electron and light microscopy indicate morphological differences between spiral 
and coccoid cells. In spiral cells the cytoplasm is closely attached to the cell wall 
(Ng  et al., 1985) with most spirals possessing bipolar flagella, attached to a 
concave depression (Pead, 1979, Brook and Murray, 1987). In coccoid cells the   28
cytoplasm is detached from the cell wall (Ng et al., 1985) whilst the outer 
membrane is enlarged in relation to the rest of the cell, but is thinner than the outer 
membrane of spirals (Moran and Upton, 1987). Coccoid cells retain the normal 
length flagella (Moran and Upton, 1987), forming a bundle in the coccoid cell 
(Jones et al., 1991). Coccoid cells are extremely sticky forming large, irregular 
clumps (Rollins et al., 1983).  
 
Incidence and disease in humans 
 
Campylobacter spp. continues to be highly important human pathogens. The 
most effective forms of control at present are the pasteurization of milk and the 
proper handling and cooking of “high-risk” foods such as poultry meat. Given the 
difficulties of handling contaminated products in domestic kitchens a longer-term 
aim must be to work towards producing Campylobacter-free poultry. Examples of 
cases reported around the world reported at the International Scientific Forum on 
Home Hygiene in January 2004:  
  - England & Wales: > 55,000 reported cases per year  
  - Scotland: > 5000 reported cases per year  
  - Netherlands: > 3300 cases in 2000  
  - Czech Republic: 17,000 cases in 2000  
  - United States: > 70,000 cases per year  
  - Australia: > 10,000 reported cases per year  
  - Japan: 5000 cases per year  
Gastro-enteritis.  Campylobacter jejuni gastrointestinal infections are clinically 
presented as inflammatory enteritis, with an incubation period of 24-27 hours 
(Blaser, 1997). The illness is usually self-limiting, lasting up to a week (Wallis, 
1994 and Allos & Blaser, 1995). The mean excretion time of Campylobacter jejuni 
in stools is 16 days (Allos, 1997), extending up to 6 weeks (Nachamkin at al., 
1998). Treatment with erythromycin or ciprofloxacin is seldom required (Skirrow, 
1990).  
Guillain-Barré Syndrome (GBS). The GBS defines a clinical entity that is 
characterized by rapidly progressing limb weakness and the loss of tendon reflexes. 
The disorder affects children and adults of all ages and both sexes, although men 
are more frequently affected than woman (Kuwabara, 2004). Campylobacter jejuni 
is the most frequently isolated cause of GBS (41%) particularly from those patients 
with severe disease and prolonged disability (Huges & Rees, 1997). One in every 
1000  Campylobacter  infections results in GBS, and one of every 160 
Campylobacter jejuni type O:19 infections (Allos, 1997). Evidence suggests that 
Campylobacter  LPS molecules bear a striking resemblance to host neurone 
(ganglioside) molecules, causing the host immune system to inadvertently attack its 
own cells (Nachamkin at al., 1998).  
Miller-Fisher syndrome. In 1956, Charles Miller Fisher, a Canadian whose 
specialisation was stroke, described three patients with acute external   29
ophthalmoplegia (eye paralysis), sluggish pupil reflexes, ataxia (lack of balance) 
and areflexia (absent tendon reflexes). Two patients had no weakness; the other 
had a facial palsy and possible weakness. All three recovered spontaneously. He 
described this syndrome as a variant of Guillain-Barre syndrome.  
Reiter syndrome. In 1916 Hans Reiter, a German military physician described the 
disease in a World War I soldier who had recovered from a bout of diarrhea. Dr. 
Reiter described three characteristic features of the disease: inflammation of the 
joints, urinary tract, and eyes. More recently, doctors have recognized a fourth 
major feature: ulcerations of the skin and mouth. When a preceding infection is 
recognized, symptoms of Reiter's syndrome appear about one to three weeks after 
the infection. Chlamydia trachomatis is the bacterium most often associated with 
Reiter's syndrome acquired through sexual contact. Several different bacteria are 
associated with Reiter's syndrome acquired through the digestive tract, including 
Salmonella, Shigella, Yersinia, and Campylobacter. People may become infected 
with these bacteria after eating or handling improperly prepared food, such as 
meats that are not stored at the correct temperature. 
Reactive arthritis and others. Reactive arthritis is a sterile joint inflammation 
developed during or on after an infection elsewhere in the body, occasionally 
causing disability (Lichtman, 1996). Other postinfections complications include 
haemolytic anemia, carditis and encephalopathy (Allos & Blaser, 1995).  
 
Why a food-borne illness?  
 
Doyle and Roman (1981), discovered that the bacterium is able to multiply in food 
at temperatures between 32-47 
oC similar to the normal temperatures required for 
growth. Harris et al. (1986) suggested that the campylobacters can be transmitted 
from the following foods: raw and cooked chicken, game birds, undercooked fish 
and shellfish. To these categories raw milk can be added and other categories of 
raw meat. Unlike Salmonella, Campylobacter is not found in eggs, but is found in 
unpasteurised milk, contaminated water and feces of infected cats or dogs. Poultry 
products are a major source of campylobacters with 70-90 % of chickens carrying 
the bacteria according with the last report of the Minnesota Health Department. 
The contamination of the products occurs by defeathering, evisceration and dipping 
during slaughtering (Saleha et al., 1998). One of the most common ways of 
Campylobacter transmission is via milk and diary products, especially if they are 
unpasteurised or if contaminated birds gain access through the sealing (Humphrey 
and Hart, 1998). Presence of Campylobacter jejuni in raw meat is most commonly 
associated with porcine carcasses but the bacterium is also associated with beef and 
lamb at a level of 1.4% (Skirrow, 1990). 
 
Reservoirs 
 
Campylobacters are a part of the natural intestinal flora of a wide range of 
domestic and wild birds and animals (Ketley, 1997).    30
Poultry. Most commercially raised poultry have campylobacters in their intestinal 
flora. The high body temperature (42 
oC) of birds may explain the high optimal 
growth temperature of Campylobacter jejuni (Skirrow, 1990). Thermophilic 
campylobacters have been isolated from many species of bird, including, gulls, 
crows, puffins, owls, pigeons (Kapperud & Rosef, 1983), starlings, sparrows, 
blackbirds (Smibert, 1978), quails (Minakshi & Ayyagari, 1988), turkeys (Wallace 
et al., 1998), ducks (Saleha et al., 1998) and ostriches (Stephens et al., 1998). 
Luechtefeld (1980) reported that wild birds including ducks and geese might be 
excretors of Campylobacter spp. Some serotypes common in wild animals are 
those associated with infections in humans.  
Cattle. In the UK, all cattle are assessed for visible cleanliness before slaughter 
using a 5-point scoring system (Meat Hygiene Service), with lower scores (1–2) 
given to visibly clean/dry animals and the higher scores (4–5) given to excessively 
dirty (mud, faeces) and wet animals (Reid, 2001). The hide of cattle is known to be 
a source for the microbial contamination of beef, with microorganisms transferred 
onto the carcass from the hide, during the slaughter and dressing processes. The 
results of this study indicate that the brisket area on the hide of cattle most 
frequently carries food-borne pathogens and is therefore most likely to lead to 
cross-contamination of beef during the de-hiding process (Reid, 2001). Typical 
prevalence rates for Campylobacter spp. are 5.0–53.0% (Fedorka-Cray et al., 1998; 
Wesley et al., 2000). Prevalence rates of these pathogens, however, are subject to 
influences such as seasonal variation (Hancock et al., 1997; Mechie et al., 1997; 
Wesley et al., 2000).  
Swine. Studies in the United States and Netherlands show that more than half of 
the commercially raised pigs excrete the organism. Washing and treating the 
intestines with salt diminishes but does not eliminate the contamination (Butzler, 
1984).  
Sheep. Campylobacter is an important cause of epizootic infections in sheep. In a 
recent paper published in 2004 by Zweifel from 653 sheep slaughtered 114 species 
of  Campylobacter  were isolated from which 64.9% were shown to be 
Campylobacter jejuni.  
Dogs and cats. In the United States have been reported an increased risk of 
Campylobacter jejuni and  Campylobacter coli infection in humans after direct 
contact with diarrhoeic animals during the week before the onset of their illnesses 
(Saeed et al., 1993). Results from case–control studies in humans with a confirmed 
Campylobacter jejuni diagnosis conducted in Norway in 1991–1992 pointed to 
drinking untreated water, consumption of poultry and having contact with a dog or 
cat as the most-important risk factors (Kapperud, 1995). There are thus clear 
indications that dogs and cats might play an important role in the epidemiology of 
Campylobacter infections in humans (Sandberg, 2002).  
From all these reservoirs there are few modes of transmission of 
Campylobacter from its animal reservoir to humans: transmission following direct 
animal contact, ingestion of contaminated foods, milk-borne transmission,   31
transmission by other foods, ingestion of contaminated water, person-to-person 
transmission, perinatal transmission, transmission during childhood. 
In conclusion after nearly three decades of research involving thousands of 
studies, with many of the food related studies descriptive rather than fundamental, 
many questions remain regarding the biology and epidemiology of Campylobacter 
species and their relationship to food safety and public health. Surveillance studies 
and studies to identify risk factors related to sporadic Campylobacter  illness 
indicate some factors are common in different regions, and some are not. Examples 
of common factors include consumption of poultry in a restaurant; daily contact 
with chickens, contact with pets (cats and dogs), travel abroad, and drinking 
unpasteurized milk, involvement in water sports and barbecuing meat and 
consumption of salad vegetables.  
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